Undergraduate Student Research

WVU Core Arboretum

2019

Infestation of Japanese Honeysuckle (Lonerica
Japonica) shows variation in soil microbial
community composition and species diversity in
WVU Core Arboretum
Jackie Mullins

Follow this and additional works at: https://researchrepository.wvu.edu/core_arboretum_ug
Part of the Biology Commons

Infestation of Japanese Honeysuckle (Lonerica Japonica) shows variation in soil microbial
community composition and species diversity in WVU Core Arboretum

Jackie Mullins

Biology 320-C02
Sandra Simon
26 April 2019

1

Abstract
Invasive species are found to cause alteration of biodiversity, competition with native
species, and other environment and ecological changes across the globe. Also, invasive species
have economic implications. When specifically talking about invasive plant species, an
important influence is soil microbes that can altered or are altered after growth of invasive plant
species. One invasive plant, Lonerica japonica, is extensively spread across the globe but has
had little research done, specifically in if it alters the microbes of the soil. Having L. japonica
readily available in the West Virginia University Core Arboretum, soil samples were collected
from sites of absent infestation, low infestation, and high infestation. Illumina Miseq sequencing
was performed on to analyze the V3 and V4 hypervariable regions of 16S rRNA gene. L.
japonica displayed a significant difference in soil microbial diversity and community
composition. Mesorhizobium and Rhizobiaceae were found to be vary between sites. Further
investigation is needed to verify findings with more sequencing depth between sites and during
non-dormant period of year.
Introduction
Invasive species are alien species in a terrestrial ecosystem that are likely to cause harm.
The introduction, establishment and infestation of invasive animals, insects, microbes, and plants
into ecosystems is a global phenomenon that has caused and continues to cause economic and
environmental harm. It has warranted the concern of governments and scientists across the globe.
Environmental harm caused by invasive species is the expulsion, displacement, and extinction of
native species (Huxel, 1999). This impacts the balance of the biological community in terrestrial
ecosystems by altering biodiversity, species abundance, and the habitat (Vila et al, 2011).
Furthermore, countries not only see the harm in ecological and environmental factors but in their
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banks, estimated to be $190 billion/year in the United States for the cost of environmental
damages and the cost in preventing, controlling, and reducing invasive species (Pimentel et al,
2005). Furthermore, some native species that have been threatened and even wiped out by
invasive species are natural resources or support natural resources. For example, hemlock woolly
adelgid (Adelges tsugae) is an insect native to Japan that is threatening native eastern hemlock
trees (Tsuga canadensis) in Eastern United States that shades cold water trout streams. These
streams are the spawning locations of brook trout (Salvelinus fontinalis) that is a natural resource
in Eastern US, including West Virginia. Loss of T. canadensis due to A. tsugae in Southern
Appalachia has shown to produce an increase in light on streams and could potentially threaten
S. fontinalis populations by loss of cold water to spawn in (Siderhurst, 2010). To better
understand invasive species and to find solutions to reduce environmental and economic damage
done by invasive species, researcher need to continue to study the impact of invasive species and
their mechanism(s) of infestation.
Plants are perhaps one of the easiest invasive species to spread and most bothersome
when it comes to trying to control and manage them. Their seeds are usually produced in large
quantities and can be spread rapidly by humans, wildlife, and wind. Introduction of invasive
plant species has predominately resulted from non-purposeful concealment of seeds on imported
goods and the purposeful act of importing them for their appeal in the gardening and landscaping
industries (Mack, 1991). The establishment and infestation of various invasive plant species have
been widely studied over the past few years. The success of invasive plants can be a result or
combination of indirect and direct effects, including no predation on the invasive species,
dispersal mechanisms, changes in soil microbes, and out-competition of resources (Klironomos,
2002).
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One mechanism readily studied by researchers is the alteration of soil biota, the
organisms spending their life cycle in the soil, and the plant-soil feedback processes. The soil
biota is an unseen, important aspect of plant diversity and abundance (Wagg et al, 2014). The
bacteria and fungi in the soil form important relationships with plants for nitrogen-cycling,
carbon sequestration, moisture, and nutrients. Though not a large quantity of research has been
done, soil microbes have been found to allow establishment of invasive species or to be altered
by invasive species that allow infestation of invasive species. A study with barbed goatgrass
(Aegilops triuncialis), an invasive grass species, showed california goldfields (Lasthenia
californica) and dot-seed plantain (Plantago erecta), two native grass species, responded
negatively with delay in when they flowered and decrease in the growth in biomass aboveground
decreased through changes in the soil microbial community influenced by the invasive species
(Batten et al, 2008). This study found an increase in Desulfovibrio genera, a sulfate-reducing
bacteria, and in arbuscular mycorrhizal fungi in invaded soil when compared to native soil.
Another study found a long-lasting effect from the change in soil biota with the growth of native
plant species hindered after the invasive species was removed (Bennet et al, 2011). It has been
suggested but not heavily researched that the restoration of native plants after invasive species
removal could be improved by reintroducing soil organisms present in soil of native species
(Wolfe and Klironomos, 2005).
Lonicera japonica (Japanese honeysuckle) is native to eastern Asia but an invasive
species known to be good at out-competing native plant species, resulting in native plant species
displacement or expulsion. One aspect that has been documented well is how widespread it has
been after introduction for its ornamental quality. L. japonica has been observed in Africa, South
America, North America, and various other regions of the world (Schierenbeck, 2004). In the
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United States, it can be found in West Virginia and 41 other states. It is known to form thick
canopies over understory plants and trees and choke them by reducing the light they receive.
However, few other mechanisms on how L. japonica is successful in out-competing native plants
and its impact on the environment has not been extensively researched.
Because of how widespread it is and the gap in scientific knowledge, we set out to
observe the impact L. japonica growth on the soil microbes in the undistributed environment of
the WVU Core Arboretum and to look for possible reasoning to use belowground mechanisms
for removal of invasive species and restoration of native species. We hypothesize that soils
infested with L. japonica could have lower microbial community composition and species
diversity and have alteration in operational taxonomic units abundance when compared to soil
with absent infestation. To study this, we will analyze the microbial community composition,
species diversity, and species richness and abundance, depending on infestation of L. japonica,
by genomic DNA extraction from soil and PCR amplification and sequencing of16S ribosomal
RNA in V3 and V4 regions.
Methods
Sample Collection
24 soil samples, according to three different collection site parameters, were collected
from WVU Core Arboretum on February 16, 2019 with over-cast weather in low 30’s degree F.
The three collection site parameters were chosen based on the amount of infestation of L.
japonica, concerning vertical growth, vertical coverage, and diameter of plants their vertical
growth was on, and 8 uniformly-spaced samples were taken from each collection site. The
collection sites were categorized as absent infestation, low infestation, and high infestation.
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Absent infestation was classified by no presence of L. japonica (Fig. 1A). Low infestation was
classified by slight vertical growth and vertical coverage up plants with an average diameter less
than 20 mm but was predominately ground growth and ground coverage of L. japonica (Fig. 1B).
High infestation was classified by substantial vertical growth and vertical coverage up plants
with an average diameter greater than 20 mm (Fig. 1C). To reduce spatial differences, such as
moisture levels and soil type, collection sites were within 3.14 ft² circles of the same soil type,
silty clay loam, with the highest concentration of growth in the center. Also, distance between
collection sites was minimized as much as possible to reduce spatial differences. The distance
between high infestation site and low infestation site was 35 feet, and the distance between the
low infestation site and the absent infestation site was 26.25 feet. Soil samples were transferred
back to the laboratory and stored at -20 degrees C.
Laboratory Procedures
Zymo Research Quick-DNA™ Fecal/Soil Microbe Microprep Kit was used to isolate and
extract genomic DNA (gDNA) for PCR from soil samples (Zymo Research, 2019). However,
samples were lysed by bead beating the BashingBeads™ Lysis Tubes in a paint shaker instead of
a bead beater. Using a Nanodrop Spectrophotometer, concentration (ng/µl) of gDNA in DNA
Elution Buffer from ZM kit was quantified, and the ratio of absorbance at 260nm and 280 nm
was assessed to ensure PCR-quality gDNA was achieved. Concentration of gDNA needed to be
above 10 ng/µl to continue to PCR. 16S ribosomal RNA (rRNA) PCR was performed to amplify
the V3-V4 regions for their known quality of determining bacteria at the genus level with
universal primers (Table 1). gDNA templates were prepared for PCR with illustra™ puReTaq™
Ready-to-Go™ PCR Beads and primers in a master mix (GM Healthcare, 2006). Samples were
placed in the thermocycler for three cycles as stated by the Biology 320 Soil/Water Sample
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puReTaq PCR protocol. Cycle 1 was performed for initial denaturation at 94 degrees C for 5
minutes. Cycle 2 was performed 30 times at 94 degrees C for 30 seconds for denaturation, at 60
degrees C for 30 seconds for annealing, and 72 degrees C for 1 minute for extending. Cycle 2
was performed at 72 degrees C for 5 minutes for the final extension and held at 10 degrees C.
Gel electrophoresis in a 1% agarose gel was done to verify 465 bp, the fragment size necessary
for sequencing, band sizes with samples (Fig. 3). AMPure XP for PCR Purification with
iTruMagNa protocol was used to purify samples. Sequencing libraries were generated by
purifying PCR products with Axygen Bead Cleanup kit and binding Illumina adaptor sequence
to DNA by PCR and submitted to West Virginia Genomics Core for Illumina Miseq Next
Generation sequencing with Miseq Paired End 250 Chemistry kit. Sequencing samples received
were on average 150,000 sequences per sample.
Bioinformatics
Quantitative Insights into Microbial Ecology 2 Studio (QIIME 2 Studio) was used to
analyze metadata of Miseq sequences. Interactive quality plots were created by running demux
plugin to assess sequence quality and to identify two sequence bases, one for truncating and one
for trimming, to clean up the metadata. Median frequency per sample was found using featuretable plugin and used to determine sampling depth. To determine where the sequencing depth is
appropriate to visualize majority of the diversity, rarefaction curve from phylogenetic tree,
created with phylogeny plugin, was generated with the diversity plugin and alpha rarefaction
curves visualizer. Faith’s Phylogenetic Diversity phylogenetic index using alpha diversity
faith_pd_vector plugin was generated to be used in statistical analysis of alpha diversity.
Unweighted and weighted UniFrac distance matrixes using appropriate plugins were created to
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be used in statistical analysis of beta diversity. Operational taxonomic units (OTUs) at taxonomic
level 6 were displayed using taxonomy classifer in a rarefied OTU table.
Statistical Analyses
PAleontological Statistics Version 3.15 (PAST 3) was predominately used for statistical
analyses. Statistical analysis of beta diversity was performed by looking at p-values obtained
from one-way PERMANOVA of the unweighted and weighted UniFrac distance matrixes with
the similarity index “Generalized Unifrac.” Statistical analysis of alpha diversity was performed
by looking at the p-value from one-way ANOVA of Faith’s Phylogenetic Diversity phylogenetic
index. The rarefied OTU table for taxonomic abundance was transformed into a heat map with
Excel to identify patterns in data and taxa that were interesting or could have been significant by
looking at average relative abundance differences between sample groups. Chosen taxa with all
three groups that had average relative abundances above 0 were statistically analyzed by looking
at the overall p-values and p-values from Turkey’s pairwise from one-way ANOVA. Chosen
taxa with any of the three groups having an average relative abundance of 0 had to put in an
Excel Fisher’s table that was set up with the calculation for number of replicates with taxa
present and absent from each sample group. The presence/absence OTU abundance for chosen
taxa was statistically analyzed by looking at p-values from Fisher’s Exact Test produced by
contingency tables. Most abundant taxa from heat map were chosen and used to generate a twoway dendrogram and hierarchical clustering of taxa with JMP program to visualize patterns of
OTU abundance more clearly between sample groups and between samples within groups.
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Figure 1. Photographs of collection sites taken. Absent infestation site had no L. japonica present
(A). Low infestation site had ground coverage and slight vertical growth of L. japonica on plants
that had an average diameter of less than 20 mm (B). High infestation site had substantial
vertical growth of L. japonica on plants that had an average diameter of greater than 20 mm (C).

Table 1. 16S primer sequences used to amplify V3-V4 regions of gDNA. NNNNNNNN is the
designed barcode for a sample.
Primer sequences (5’-3’)
Forward
(I5_320Class_Meta_Primer)
………………………………………
AATGATACGGCGACCACCGAG
ATCTACACNNNNNNNNTCGTCG
GCAGCGTCAGATGTGTATAAGA
GACAGCCTACGGGAGGCAGCA
G

Reverse
(I7_320Class_Meta_Primer)
………………………………………………………………

CAAGCAGAAGACGGCATACGA
GATNNNNNNNNGTCTCGTGGG
CTCGGAGATGTGTATAAGAGAC
AGGGACTACHVGGGTWTCTAA
T
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Figure 2. 1% agarose gel electrophoresis of PCR products. Lanes L are ZipRuler Express Set 1
Ladder. Lanes 1-8 correspond to high infestation PCR products. Lanes 9-16 correspond to low
infestation PCR products. Lane P corresponds to the positive control (gut microbial DNA
extraction from aphids), and lane N corresponds to the negative control (master mix used in PCR
preparation). Lane 17-24 correspond to absent infestation PCR products.
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Results
Sequencing depth of 500 was determined by analyzing rarefaction curve generated from
phylogenetic tree (Figure 1). One-way ANOVA of Faith’s Phylogenetic Diversity compared the
measure of infestation level of L. japonica among the three groups categorized as high, low, and
absent, and showed a statistically significant difference in alpha diversity (F(2,18)=19.21,
p=0.00003424) (Table 1). A Tukey post-hoc test showed significant difference of mean alpha
diversity between absent infestation level and low infestation level (p=0.001009) and between
high infestation level and low infestation level (p=0.00003285) (Figure 2). There was no
significant different of mean alpha diversity calculated by Tukey post-hoc test between absent
infestation level and high infestation level (p=0.2661).
One-way PERMOVA of unweighted uniFrac distance matrix compared the measure of
infestation level of L. japonica among the three groups categorized as high, low, and absent, and
showed a statistically significant difference in beta diversity (F(2,18)=2.009, p=0.0009) (Table
2). Variability of replicates within unweighted uniFrac distance matrix was visualized with
principal coordinate analysis of ordination plot (Figure 3). One-way PERMOVA of weighted
uniFrac distance matrix compared the measure of infestation level of L. japonica among the
three groups categorized as high, low, and absent, and showed a statistically significant
difference in beta diversity (F(2,18)=3.484, p=0.0001) (Table 2). Variability of replicates within
weighted uniFrac distance matrix was visualized with principal coordinate analysis of ordination
plot (Figure 4).
Genus: Mesorhizobium showed a nonrandom association of presence with Fischer’s
Exact test (p= 0.0072636) (Table 4). Family: Rhizobiaceae showed a nonrandom association of
presence with Fischer’s Exact test (p=0.003096) (Table 4). Order: JG30-KF-AS9 showed a
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nonrandom association of presence with Fischer’s Exact test (p=0.049329) (Table 4). Class:
S085 showed a nonrandom association of presence with Fischer’s Exact test (p=0.031269)
(Table 4).
Family: Rhodospirillaceae showed a statistically significant difference in OTU
abundance among absent, low, and high infestation groups (F(2,18)=4.117, p=0.0337). For
Rhodospirirallaceae, Tukey post-hoc test showed significant difference of average OTU
abundance between absent infestation level and low infestation level (p=0.02766) (Figure 5).
There was no statistically significant difference between absent infestation level and high
infestation level (p=0.2144) and between high infestation level and low infestation level
(p=0.5298). Family: Kouleothrixaceae showed a statistically significant difference in OTU
abundance among absent, low, and high infestation groups (F(2,18)=7.624, p=0.003996). For
Kouleothrixaceae, Tukey post-hoc test showed significant difference of average OTU abundance
between absent infestation level and high infestation level (p=0.01536) and between absent
infestation level and low infestation level (p=0.005641) (Figure 6). There was no statistically
significant difference between high infestation level and low infestation level (p=0.8882). A
hierarchal clustering of most abundant taxa show infestation level replicates is seen in SAS JMP
heatmap while replicates from high infestation level and from absent infestation level are not as
clustered (Figure 7).
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Absent
Low
High

Figure 4. Rarefaction Curve for the three groups, absent infestation, low infestation, and high
infestation of L. japonica showing the number of observed OTUs and number of replicates
compared to sequencing depth. Lines indicate chosen sequencing depth at 500.
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Figure 5. Average alpha diversity (Faith’s Phylogenetic Diversity) in absent infestation, low
infestation, and high infestation of L. japonica. * and ** symbolizes significant difference
between indicated groups determined by Tukey post-hoc test. Error bars represent ± standard
error.
Table 2. Results from one-way ANOVA of Faith’s Phylogenetic Diversity comparing the
measure of infestation level of L. japonica.
Variable

F-value

p-value

Infestation level

19.21

0.00003424
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Absent
Low
High

Figure 6. Principal coordinates analysis plot. PCoA plot generated from unweighted UniFrac
distance matrix.

Table 3. Results from one-way PERMANOVA of unweighted UniFrac distance matrix.
Variable

F-value

p-value

Infestation level

2.009

0.0009

15

Absent
Low
High

Figure 7. Principal coordinates analysis plot. PCoA plot generated from weighted uniFrac
distance matrix.
Table 4. Results from one-way PERMANOVA of weighted uniFrac distance matrix.
Variable

F-value

p-value

Infestation level

3.484

0.0001
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Table 5. Results from OTU presence-absence Fischer’s exact test.
OTU tested

Genus:

Expected

Expected

Expected

Fisher’s

presence: 3.333

presence: 3.333

presence: 3.333

p-value

Absent presence

Low presence

High presence

6

1

4

0.0072636

5

0

0

0.003096

4

0

4

0.049329

5

0

3

0.031269

Mesorhizobium
Family:
Rhizobiaceae

Order:
JG30-KF-AS9
Class: S085

Table 6. Results from one-way ANOVA of OTU-abundance.
OTU tested

Variable

F-value

p-value

Family:

Infestation level

4.117

0.0337

Infestation level

7.624

0.003996

Rhodospirillaceae
Family:
Kouleothrixaceae
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Family: Rhodospirillaceae average OTU
abundance

35
30
25

*

20

absent
low

15

high

*

10
5
0

Infestation level

Figure 8. Average OTU abundance of Family: Rhodospirillaceae among infestation of L.
japonica groups. * and ** symbolize significant difference between indicated group calculated
by Tukey post-hoc test. Error bars represent ± standard error.

Family: Kouleothrixaceae average OTU
abundance

12
10

*
**

8
absent
6

low
high

4
2
0

**
*
Infestation level

Figure 9. Average OTU abundance of Family: Kouleothrixaceae among infestation of L.
japonica groups. * and ** symbolize significant difference between indicated group calculated
by Tukey post-hoc test. Error bars represent ± standard error.
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Figure 10. SAS JMP OTU abundance heatmap showing hierarchal clustering based on common
abundance of taxa among replicates. Red indicates a high abundance. Blue indicates a low/absent
abundance.
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Discussion
Between high infestation and low infestation sites and between low infestation and absent
infestation sites, there was a statistically significant difference in alpha diversity. This implicates
there is a significant variation in soil microbial species diversity among them. According to
Faith’s Phylogenetic Diversity, high infestation showed higher species diversity compared to low
infestation, and low infestation was observed to have lower species diversity compared to absent
infestation (Fig. 5). However, there was no statistically significant difference by Tukey’s posthoc test between high infestation and absent infestation. Analyzing the rarefaction curve, low
infestation appears to not have quite the sequencing depth as high infestation and absent
infestation, and this could have meant the taxa from low infestation collection site may not be
properly counted for in our soil sampling (Fig. 4). Also, it appears more taxa could have been
discovered in the high infestation site and low infestation site.
Microbial community composition, weighted and unweighted, was significantly different
(Tables 4 and 5). In PCoA plots, low infestation site samples are mostly clustered together (Fig.
5&6). High infestation site and absent infestation site do have some outliers but do mostly show
a pattern (Fig. 5&6). This could be due to statistically insignificance we see between high
infestation and low infestation site in alpha diversity and OTU abundance.
Fisher’s exact test showed no infestation had the statistically significant highest presence
of OTUs from genus: Mesorhizobium, family: Rhizobiaceae, order: JG30-KF-AS9, and class:
S085 when compared to low infestation and high infestation (Tables 3 and 4). Expectation was
JG30-KF-AS9, where no infestation and high infestation had similar presence in samples. When
comparing low and high infestation levels, high infestation had statistically significant higher
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presence of these OTUs than low infestation. In three out of four of OTUs, except
Mesorhizobium, there was no presence of them in low infestation site.
One-way ANOVA showed statistically significant OTU abundance among infestation
sites from family: [Kouleothrixacae] and family: Rhodospirillaceae (Table 5). With
Rhodospirillaceae, no infestation and low infestation were significantly different from each other
(Fig. 8). No infestation had the highest average OTU abundance of Rhodospirillaceae compared
to low infestation. However, high infestation was not significantly different from no infestation
or low infestation. With [Kouleothrixacae], there was statistically significant between high
infestation and no infestation and between low infestation and no infestation (Fig. 9). No
infestation had the highest average OUT abundance of [Kouleothrixacae] when compared to low
infestation and high infestation. However, there was no statistically significant between high
infestation and low infestation.
S085, JG30-KF-AS9, and [Kouleothrixacae] that showed statistically significant
difference in and nonrandom association of OTU abundance come from phylum Chloroflexi.
Unfortunately, there is insignificant amount of specific data on S085, JG30-KF-AS9, and
[Kouleothrixacae] within this phylum. The other three taxa, Mesorhizibium, Rhizobiaceae, and
Rhodospirillaceae, that showed statistically significant difference in and nonrandom association
of OTU abundance come from the class Alphaproteobacteria which is from the phylum
Proteobacteria. Nitrogen fixation is a known characteristics of both phyla Chloroflexi and
Proteobacteria (Tsoy et al, 2016). Among all six taxa shown to be statistically significant, no
infestation showed the highest average OTU abundance. Therefore, we can conclude nitrogenfixing bacteria was more present in soil with no infestation of L. japonica.
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We hypothesized that L. japonica would lower microbial community composition and
species diversity and have changes in OTU abundance in soil that it has infested when compared
to soil of strictly native plants. We did not observe this decrease in microbial community
composition and species diversity, specifically when talking about high infestation compared to
no infestation. We speculate that the old growth in the understory of the high infestation site
could be negating any observed differences we would see in the high infestation site. That means
we assume this old growth is having a larger effect on the soil microbial communities than L.
japonica. We did see a change in OTU abundance between sites. We observed more taxa
involved in nitrogen fixation in the soil that had no infestation of L. japonica. This could mean
that nitrogen fixation via bacteria is not an important need for L. japonica. However, some plants
have been shown to use fungi for nitrogen fixation in place of bacteria. This could be case of L.
japonica. Either, L. japonica has better success in soil with less bacteria involved in nitrogen
fixation or somehow changes the soil microbial composition to have less have of these bacteria
that the native plants do need.
There have been suggestions to involve more processes in the soil after the removal of
invasive plants by monitoring microbial community and also by introducing microbes that are
similar to the ones found in native soil to help native plants establish in these previous invasive
soils (Wolfe and Klironomos, 2005). This could be employed with removal of L. japonica but
making sure the soil is rich in microbes involved in nitrogen fixation. However, further
investigation is needed. There were hardly any observed statistically significant differences high
infestations and low infestation sites when analyzing alpha and beta diversity. Again, low
infestation site’s sequencing depth was low compared to the high infestation and no infestation.
It is possible that L. japonica initially alters its environment to gain a competitive edge, and once
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established diverts resources toward growth. It could also be interesting to sequence 18S to see if
there was more nitrogen fixing fungi in soil infested with L. japonica.
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